INTRODUCTION 44
Forests and woodlands contain vast stores of carbon, and it has always been clear that 45 the planting of trees on non-forested land, and the prevention of deforestation are 46 likely to be one of the most cost-effective ways to reduce the build-up of carbon 47 dioxide in the atmosphere [1] . Indeed, the 1997 Kyoto Protocol recognises this in its 48
Article 3 although a policy directly related to preventing deforestation is excluded. In 49 the case of the tropics, the recent deforestation rate accounts for 1-2 billion tonnes of 50 carbon transferred to the atmosphere each year Following the initial data collection, there must be a plan for periodic monitoring of 147 the area covered with woodland, and the carbon stocks per area of land. This will now 148 be done by a contract between the project developer and independent technical 149 experts at the Eduardo Mondlane University in Mozambique. 150
The interaction between these components may be hypothetically represented by a 151 block diagram (Fig 1) . The income stream from carbon buyers is paid into a Trust 152 Radar (the ALOS sensor, the Japan Aerospace Exploration Agency) to attempt to 189 measure biomass from space [6] . We see the Radar option as the means by which 190 project leakage will in all carbon projects be monitored at regional and national levels. 191 192
Baselines 193
We considered three candidate methods of arriving at a carbon baseline for woodland. 194
The first involves tracking the deforestation over the last few years using remote 195 sensing and assuming that 'without a project' the rate would continue linearly. The 196 second involves modelling the per capita destructive exploitation of woodland, and 197
linking it to a model of how the population might grow over the coming decades in 198 the absence of a project. The third, known as the ACEU method, assumes that if the 199 land is accessible, cultivable, has extractive value, and is unprotected, then it will be 200 deforested unless there is a specific intervention for conservation [102] . 
Carbon stocks 207
The carbon stocks as above-ground biomass in sample plots from woodlands ranged 208 from 5 to 60 tons C ha -1 , with a mean of 29.9 tons C ha -1 (Fig 2) . This is much less 209 than for the typical carbon stocks of rain forest (~200 tons C ha - The carbon stocks likely to accrue over 100 years as biomass on machambas, 218 estimated from current knowledge of the species, range from 10 tC ha -1 for Gliricidia 219 interplanting, to 50 tC ha -1 for a managed woodlot. For the purposes of this article, we 220 assume a conservative average of 20 tC ha -1 . 221
Areas of land with project activities 222
The area of land occupied by project activities increased rapidly over the period of 223 the project. By late 2008 the area delimited and enumerated for avoided deforestation 224 was around 10,000 ha; it provided a resource of saleable carbon which greatly 225 exceeded the current sales ( Table 1 ). The take-up of agroforestry options was good, 226 although initially many farmers opted for the least intensive Technical Specification, 227 namely Boundary Planting which provides relatively little carbon sequestration (Table  228 2). Later, many of these farmers added further Plan Vivos, to extend their 229 involvement and therefore to increase their carbon sequestration and income. 230
Ultimately, the two categories of land use are not independent, as it is through the 231 adoption of agroforestry (a sustainable land use, to replace slash-and-burn) that 232 encroachment onto forested lands is avoided. 233 (Table 2) . 237
Participating farmers were trained in tree planting, harvesting, irrigation, composting 238 and the community technicians in record-keeping. Tree nurseries were established to 239 on a commercial basis to provide planting stock at a rate of 180,000 per year: the 17 240 workers were trained in seed collection, soil mixing, and general nursery techniques. 241
They were initially formally employed and later they formed micro-enterprise 242
companies in the absence of a project, unprotected. Thus, for carbon sales relating to avoiding 271 deforestation, the assumption made is that the carbon would all be lost in the absence 272 of a project, except for the few trees remaining after clearance for cultivation. 273 274
Cost of carbon capture 275
The saleable carbon is expressed as Voluntary Emission Reduction Units (VERs) in 276 units of tCO 2 . By July 2009 they were 979,788 tCO 2 available of which 156,085 277 tonnes were already sold at an average price of 8.62 $ per tCO 2 , yielding 1,331,620 $. 278
The buyers came from several countries, and included private individuals, consortia, 279 and businesses; there was a strong representation from the entertainment industry. An 280 additional research-oriented income of 2.47 million dollars came from the European 281 Union, and so the total input to the project was 3.8 million dollars. The cost of 282 capturing carbon so far may thus be estimated as 3.42 dollars per tonne of CO 2 283 sequestered. Currently, this is less than the price of carbon on the voluntary carbon 284 market (Fig 3) , leaving a profit margin. However, actual revenues have been less than 285 this because not all the CO 2 that has been sequestered (in business terms, the 'stock') 286 has yet been sold. 287 288
A business model 289
In this section we show how the income stream from carbon sales is allocated (Fig. 4) . 290
The Envirotrade model is that two thirds of all carbon finance is returned directly into 291 the local economy of the country. Money from the remaining third will pay 292 verification, validation and business costs. 293 294
One-third for farmers and community grants 295
To incentivise farmers, payments need to include an 'up-front' instalment, followed 296 by further instalments which are conditional on progress (e.g. were the trees planted 297
properly, have they survived?). Farmers are paid on the basis of inspections 298 irrespective of whether the carbon offsets have actually been sold, an important 299 feature that reflects the poverty alleviation objectives of the model. There is a fixed 300 fee per contract on each tonne of carbon dioxide equivalent sequestered through agro-301 forestry of 4.46 $. REDD activities also generate income for each community 302 member irrespective of whether they have a contract for agro-forestry at a rate of 1.3 303 $ to the community and 0.41 $ to the trust fund per protected hectare. These payment 304 rates to individuals are set to provide an appropriate incentive (the agroforestry 305 activity involves greater effort than fire management work). 306 307
One third for operations costs 308
One third is paid as operations costs to the project developer's non-profit local 309 subsidiary, staffed and run by Mozambiquans 'Operations' includes the day-to-day 310 running of the carbon project, including vehicles, materials, and employment. If the 311 sales exceed the money needed for contractual and operations costs the balance is 312 directed to the community trust fund, which may provide grants for other community-313 related activities such as construction of new school buildings, health clinics, and 314 micro-enterprises. The greater the sales, the greater the funds available to the 315 community trust fund as the operations budget will remain the same while the money 316 available is larger. This brings a tangible effect from the buyer to the community. 317
318

One third for the parent company (the project developer). 319
This covers all off-site and international administrative, research, project development 320 and marketing costs and may provides the Company with a profit. The parent 321 company took on the responsibility of covering any shortfalls at the community trust 322 by extending interest-free loans. These short-falls arise where carbon is sequestered 323 by project activities and is not immediately sold. Any profits retained by Envirotrade 324 were a small proportion of total offset credit sales, and were used (along with other 325 financing sources) to cover the development costs of new projects. A maximum of 8% 326 is retained from total carbon sales as a management fee. 327 328
Success as measured against initial criteria 329
All the initial criteria of success were achieved, i.e. carbon stocks of miombo 330 woodland were measured, agroforestry systems were established, baselines were 331 defined as far as possible, carbon sales exceeded $200,000 and there were significant 332 co-benefits to the community. More offsets were sold for avoided deforestation than 333 for tree planting. One may argue that avoided deforestation now is more valuable to 334 the sequestration of carbon over decades to come. However, in this project the selling 335 price of carbon is the same irrespective of the system used ( Table 1) . 336
The challenges encountered during the pilot project were significant, and the costs of 342 start-up were therefore higher than anticipated. The main issues are listed here; items 343 i, ii and iii are carbon accounting issues whereas iv relates to the special conditions of 344 this part of Mozambique. 345
The estimation of carbon content of a tree depends on appropriate 346 allometric relationships being available. We found a number of allometries 347 had previously been determined for woodland savanna but when we 348 compared them with each other we found they yielded quite different 349 estimates, especially in the case of large trees. So we embarked on a 350 programme of sampling trees to determine allometric equations that were 351 specific for the project area [8] . 352
Baseline values for carbon content per area of land were not easy to 353 establish by the accepted methodology defined by the IPCC Guidelines. 354
The landscape in degraded Miombo is highly heterogeneous and the 355 average for the region as a whole is unlikely to be the same as that of the 356 parcels of land which are chosen for carbon sales. Specific enumeration is 357 therefore required for each delineated parcel of land. 358
We had hoped to use LANDSAT-7 data to estimate current deforestation 359 rates, so that these could be used to define baselines. However, 360
LANDSAT-7 developed a fault in 2003, with no prospect of repair in the 361 project's life time. We used SPOT data instead of LANDSAT-7 data to 362 make vegetation maps, but acquiring cloud free imagery at the times of 363 year when grass and tree biomass can be distinguished was difficult. 364
Moreover, the optical satellite data cannot distinguish levels of degradation 365 in Miombo ecosystems. At the end of the project we began to work with 366 radar satellite data from Mozambique, as it became available from the 367 Japanese ALOS sensor. The advantage of this approach is that radar 368 penetrates the vegetation and gives completely different signals for 369 woodland versus grass, and can even be used to estimate biomass [6] . under-developed but they were addressed in the sixth year. 381
382
Some further issues relate to the level of 'readiness' of local people for this type of 383 carbon project. Two aspects may be briefly mentioned. First, the paradigm that people 384 in other parts of the world are prepared to pay money to enable the planting of the 385 trees whilst not owning those trees is completely new to the community and seems 386 'too good to be true'. Second, the culture of fire protection and management, in which 387 one has to periodically light fires for 'prescribed burning', thus releasing CO 2 to the 388 atmosphere, may be hard to understand. Indeed the whole concept of a global carbon 389 cycle involving natural processes is novel to such a community. We have addressed 390 this by means of teaching materials displayed in the local school house, and 391 participation in courses given at the six local schools. 392
393
In the context of savanna woodlands, the potential to use them as a means to protect 394 the climate system opens many possibilities; moreover, it is one possible route to 395 sustainable development. For miombo alone, the biomass carbon stocks of the 2. 
